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Pavement distressesAbstract The road network in Alexandria Governorate includes approximately 3800 km of roads.
In the recent years, it was observed that some of these roads failed prematurely within 3–5 years of
construction. In addition, there has been an increased use of speed humps that were placed with
obtaining proper permits and pavement distresses were observed near these humps.
A research study was initiated to evaluate the performance of pavements in Alexandria Gover-
norate, to identify the main deterioration patterns on these pavements, and to investigate the pos-
sible effect of illegal speed humps on condition. The research methodology involved selecting a
representative sample of the pavement projects and analyzing the pavement condition of these pro-
jects both at the network level and at the project level.
Some performance trends were observed and found to be statistically signiﬁcant, including supe-
rior short-term performance of projects with good or average construction QC records when com-
pared to poor construction QC records. Raveling was the most widely observed distress, while load-
related distresses were not common. The analysis also showed that the presence of improper speed
humps signiﬁcantly affected the pavement condition, reducing the PCI of the pavement sections by
up to 19 PCI points.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University.1. Introduction
Alexandria is the second largest city in Egypt, with a population
of 4.1 million. It is located in Alexandria Governorate, whichextends about 72 km along the coast of the Mediterranean
Sea in northwestern Egypt. It is also the largest Egyptian city
lying directly on the Mediterranean coast and the home of
Egypt’s largest seaport.
Based on 2011 statistics, the road network in Alexandria
includes approximately 3800 km of roads, of which 78% are
paved and 22% are unpaved [1]. These roads are maintained
by the Roads and Transportation Directorate (RTD) in the
Governorate of Alexandria. The total annual budget of pave-
ment rehabilitation and construction projects is approximately
856 W. Bekheet50 million Egyptian pounds [2], although this budget can
change from one year to the other.
In the recent years, some roads within the RTD jurisdiction
failed prematurely within 3–5 years of construction. The fail-
ure was primarily a functional failure due to excessive rough-
ness and/or raveling. These observed failures warranted a
more in depth evaluation of the general pavement condition
of the road network to identify critical distresses and possible
causes of such premature failures.
Speed humps are raised pavements spanning across or
partly across a roadway, thus; forcing drivers to reduce the
speed of their vehicles. Speed humps are widely used on the
streets of Alexandria Governorate for trafﬁc calming in resi-
dential areas. Typically, speed humps are constructed by
RTD based on a trafﬁc warrants and according to the Egyp-
tian Code of Practice speciﬁcation [3]. However, there has been
an increased use of speed humps that were placed without
obtaining proper permits and did not meet the design speciﬁca-
tions. Moreover, these speed humps are sometimes constructed
in a manner that may cut the storm water drainage path caus-
ing surface water ponding over the pavement surface. These
improper speed humps affect the pavement condition and
might be a factor in reducing the pavement service life [4].
As a result, a research study was initiated with the objectives
of evaluating the performance of typical ﬂexible pavements in
Alexandria Governorate, identifying the main deterioration
patterns on these roads, and investigating the possible effect
of improper speed humps on pavement condition.
The research study involved the selection of representative
sample of the pavement projects, the evaluation of the pave-
ment condition and quality control records of selected sections
from these projects. The analysis of the pavement condition of
these sections was carried-out both at the network level and at
the project level.
2. RTD standard practices
RTD has a standard practice for new road construction and
existing pavement rehabilitation. The standard pavement type
used is ﬂexible pavement, with rigid pavement used only in
very special cases and on limited sections. For new construc-
tion, the typical pavement cross section is 40-mm of asphalt
concrete surface course, 50-mm of asphalt concrete binder
course, and 200-mm of aggregate base course over prepared
subgrade soil. Existing pavement rehabilitation involves mill-
ing of the top 40-mm of existing pavement, using a leveling
asphalt concrete course to adjust the grade, and adding 40-
mm of asphalt concrete surface course. These standard prac-
tices are typically implemented, unless speciﬁc reasons are
observed in the project under consideration, such as exces-
sively weak subgrade soil or excessively high truck trafﬁc vol-
umes. All materials and pavement layers follow the guidelines
of the Egyptian Code of Practice (ECP) for Road Works [3].
Quality Control (QC) during construction involves testing
of aggregate layers and asphalt concrete mixes in accordance
with the requirements of the standard test methods for
the Egyptian Authority of Roads and Bridges [5]. If the
constructed pavement did not meet the QC requirements,
the contractor is penalized by deductions applied toward his
payment in accordance with the ECP [3]. In addition, the
contractor is required to provide a warranty on his work fora three years period, where he is required to repair any defects
observed on the road that are related to defective materials or
poor workmanship. Other surface defects, such as those result-
ing from utility cuts, poor surface drainage, etc., are not the
responsibility of the contractor and they automatically annul
the contractors’ warranty.3. Sections selection
In this research study, sections were selected from typical pro-
jects in Alexandria Governorate. These projects were selected
such that they would represent the typical practices for RTD
for both construction and rehabilitation projects. The selected
projects were all constructed in the summer of 2009, such that
at the time of this research, they would be at, or immediately
after, the expiration of the projects standard warranty. The
selected projects included rural and urban roads, reconstruction
and rehabilitation projects, and were distributed over all seven
administrative districts in Alexandria. In total, 24 projects were
selected for this study. It is worth mentioning that these projects
were constructed by different contractors, but subject to the
supervision of the same team from RTD and the Consultant.
Each project was represented by three [3] pavement sec-
tions, with a total of seventy-two (72) sections considered in
the research study. The sections were pre-selected prior to ﬁeld
data collection, such that each section was 150-m long along
the travelled lane. The sections were selected in a manner to
represent the entire project, where one section was selected
near the start of the project, one section near the middle of
the project, and one section near the end of the project. Table 1
shows the distribution of the projects over the districts in Alex-
andria and the number shown between brackets represents the
total number of sections in all projects. As can be noted from
the table, not all districts included all types of activities since
no projects were carried-out during the selected study period
to match the research requirements.
4. Data collection
For each project/section, ﬁeld and ofﬁce data were collected.
Field data included the pavement condition survey, while
ofﬁce data included the project information and QC records
for the Asphalt Concrete (AC) surface and binder layers.
4.1. Condition survey
The objective of the condition assessment was to assess the sur-
face condition of the existing pavement after approximately
four [4] years of service. Each pavement section was assessed
through a visual distress survey, using a distress rating meth-
odology according the ECP [3] and ASTM D6433-03 [6] dis-
tress rating methodologies, which are the standard local
condition survey methodologies. The extent and severity of
each distress type was measured and logged. All ﬁeld data were
entered on a data collection form, which was later entered into
an MS EXCEL spreadsheet following a QA/QC review. The
extent and severity levels for each distress type for asphalt con-
crete (AC) considered in the survey are shown in Table 2.
During data collection, the presence of speed humps within
the section was also noted. The presence of these humps was
Table 1 Distribution of projects (sections) over the Governorate of Alexandria districts.
District Rural roads Urban roads Total
Reconstruction Rehabilitation Reconstruction Rehabilitation
Montazah District 2 (6) – 2 (6) 1 (3) 5 (15)
East District – – 4 (12) 3 (9) 7 (21)
Central District – – 1 (3) 1 (3) 2 (6)
West District – – – 1 (3) 1 (3)
Gomrok District – – – 1 (3) 1 (3)
Amreya District 1 (3) – – 2 (6) 3 (9)
Borg Al Arab City 4 (12) 1 (3) – – 5 (15)
Total 7 (21) 1 (3) 7 (21) 9 (27) 24 (72)
Table 2 Asphalt concrete pavements distress types.
ID Distress type Unit Levels of severity
1 Alligator cracking m2 3
2 Bleeding m2 3
3 Block cracking m2 3
4 Bumps and sags m 3
5 Corrugation m2 3
6 Depression m2 3
7 Edge cracking m 3
8 Reﬂection cracking m 3
9 Lane/shoulder drop oﬀ m 3
10 Long and trans cracking m 3
11 Patching and utility cuts m2 3
12 Polished aggregate m2 1
13 Potholes Count 3
14 Railroad crossing m2 3
15 Rutting m2 3
16 Shoving m2 3
17 Slippage cracking m2 3
18 Swell m2 3
19 Weathering and raveling m2 3
Short term performance and effect of speed humps 857not noted as a distress, but this information is used to assess
the effect of presence of the speed humps on the overall pave-
ment condition of the section.
4.2. Pavement Condition Index (PCI)
The Pavement Condition Index (PCI) was used to identify the
overall pavement condition for each section. The PCI model
was developed by Shahin and Kohn [7]. It is a deduct-value
model deﬁned on a scale of 0–100, where at 100 the pavement
is assumed to be in perfect condition and 0 represents a com-
pletely failed pavement section.
The PCI was calculated by assuming that the pavement was
in perfect condition (PCI of 100) and subtracting Deduct Val-
ues (DV) for each observed distress, depending on the type,
severity and extent of the distress. DV provide relative weights
indicating the relative importance of the distresses/severity lev-
els in terms of the pavement performance. The magnitude of
the value deducted from the PCI depends on distress type
and severity.
PCI was calculated for each pavement section considered in
the research. The Average (Avg), Standard Deviation (SD)
and Coefﬁcient of Variation (CoV) for each project were calcu-
lated. PCI data for each projects considered in the analysis is
shown in Table 3.4.3. Trafﬁc data
Trafﬁc is one of the most signiﬁcant factors that affect pave-
ment condition. Detailed trafﬁc counts were not available for
the sections considered in the analysis. However, based on
experience and knowledge of land use neighboring the roads
under consideration, trafﬁc was estimated and categorized into
three levels for each pavement section based on Average Daily
Trafﬁc (ADT) and Percentage of Truck (%Trucks).
4.4. Quality control records
As mentioned earlier, QC during construction involves testing
of aggregate layers and asphalt concrete mixes. Asphalt con-
crete mixes are tested in the laboratory to identify the percent-
age of the asphalt cement and the aggregate gradation of the
mixture. Based on these results, a deduction to the contractor’s
payment is applied according to the level of deviation from the
prescribed design Job Mix Formula (JMF). The higher the
deviation from the JMF, the higher the deduction applied to
the contractor’s payment, indicting poor control over the
asphalt concrete mix production process. Table 3 shows the
percentage of average QC deduction applied to the contrac-
tor’s payments due to deviation of the AC surface layer mix-
ture from the JMF speciﬁed in the project requirements, in
accordance with the speciﬁcations of the ECP [3].
5. Evaluation of pavement condition
The analysis is carried out at three levels. The ﬁrst level is an
overall assessment of the projects condition in terms of the
overall PCI distribution. The second level is at the project
level, using the average condition of the projects to identify
performance trends of rural versus urban roads, the effect of
construction QC on the long term performance of the projects.
The third level of the analysis is at the individual section level.
The section level analysis tried to investigate whether the
actual conditions of the section had a signiﬁcant effect on
the pavement overall pavement condition in a given section,
when compared to other sections.
5.1. Overall condition assessment
The data shown in Table 3 were analyzed to investigate the
performance trends of the projects considered in the analysis.
Although all these projects were constructed in the year
2009, the condition varied signiﬁcantly from one project to
Table 3 Projects PCI, Trafﬁc, and QC Data.
Project ID Functional class Project type Section count PCI QC deduction (%) Traﬃc level Speed humps *
Avg SD CoV (%) ADT % Trucks
01-01 Urban Rehab. 3 56 22 39 1.2 Low Med. Present
02-01 Urban Rehab. 3 60 27 45 0.0 Med. Low
02-02 Urban Rehab. 3 65 16 24 0.0 Med. Low
02-03 Rural Const. 3 98 4 4 1.7 Low Low
03-01 Rural Const. 3 81 28 35 6.8 Low Low
03-02 Rural Const. 3 73 15 21 7.2 Low Low
03-03 Urban Const. 3 71 7 11 0.3 Low Low Present
03-04 Urban Const. 3 65 30 46 0.3 Low Low Present
03-05 Urban Rehab. 3 63 29 47 1.3 High Low Present
04-01 Rural Const. 3 58 28 49 0.0 Med. Med. Present
04-02 Rural Const. 3 84 7 8 1.8 Med. Med.
04-03 Rural Const. 3 94 6 6 0.0 Low Low
04-04 Rural Const. 3 85 20 23 0.2 Med. High
04-05 Rural Rehab. 3 73 39 53 0.0 Med. High
05-01 Urban Const. 3 76 8 10 0.8 Med. Med. Present
05-02 Urban Const. 3 66 11 17 0.7 Med. Med. Present
05-03 Urban Const. 3 55 11 19 0.2 Med. Med. Present
05-04 Urban Const. 3 75 18 25 0.6 Med. Med. Present
05-05 Urban Rehab. 3 70 30 43 3.0 High High
05-06 Urban Rehab. 3 57 6 10 0.3 Med. Low Present
05-07 Urban Rehab. 3 47 26 56 16.5 Low Low Present
06-01 Urban Rehab. 3 58 19 33 4.6 Med. Low
07-01 Urban Rehab. 3 47 8 18 0.0 Low Med. Present
07-02 Urban Const. 3 38 24 61 0.0 Low Med. Present
* In the speed humps column, ‘‘Present’’ indicates that at least one of the sections in this project has a speed hump.
858 W. Bekheetthe other. Fig. 1 presents the distribution of average condition
for all the 24 projects, in addition to showing the distribution
of the average condition for the construction projects and the
rehabilitation projects, separately. The average PCI value for
all the projects considered in the research (comprised on 24
projects distributed over 7 districts in Alexandria Governor-
ate) was 67.0 with a standard deviation of 14.7. Of the 24 pro-
jects, 21% were found to have a PCI value greater than 80,
generally identiﬁed to be in good to excellent condition and
approximately 33% were found to have a PCI value less than
60 generally described to be in poor to very poor condition.
When examining the construction project only, the average
PCI value for all construction projects considered in the
research (comprised on 14 projects) was 72.8 with a standard
deviation of 15.9. Of the 14 projects, 35.7% were found to
have a PCI value greater than 80, generally identiﬁed to be0.0%
10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
Poor Fair Good Excellent
Const.
Rehab
Both
Figure 1 Overall condition distribution.in good to excellent condition and approximately 21.4% were
found to have a PCI value less than 60 generally described to
be in poor to very poor condition. On the other hand, when
examining the rehabilitation project only, the average PCI
value for all rehabilitation projects considered in the research
(comprised on 10 projects) was 59.5 with a standard deviation
of 8.6. Of the 10 projects, none was found to have a PCI value
greater than 80, generally identiﬁed to be in good to excellent
condition, while 50% were found to be in a poor or very poor
condition.
The data in Fig. 1 show that the performance of the new
construction projects was signiﬁcantly superior to the perfor-
mance of the rehabilitation/resurfacing projects at a 95% con-
ﬁdence level, which might be expected. However, the signiﬁcant
difference between in the overall condition of the rehabilitation
projects versus the construction projects (almost 23 PCI points)
was greater than expected, especially that all these projects have
been in service for approximately four years only.
5.2. Project level analysis
As mentioned earlier, QC practices by RTD focus mainly on
end-result material speciﬁcations, and how closely the contrac-
tor adheres to the JMF for the binder and surface layers. The
percentage of AC and aggregate gradation of the asphalt con-
crete mixture are evaluated against the JMF, and a deduction
in the contractor’s payment is applied due to any deviation
from the JMF. As the deviations from the JMF increase, which
indicate poor QC during the asphalt mixture preparation, the
deduction from the contractor’s payment increases. As a
result, the total deduction from the contractor’s payment in
a given project can be used as an indication on the quality of
Short term performance and effect of speed humps 859the construction practices by the contractor in that particular
project.
Fig. 2 shows the average PCI for the projects considered in
this research against the construction quality deduction,
grouped into three levels. These levels are less than 2%
(Low), between 2% and 5% (Medium) and greater than 5%
(High). As can be noted from the ﬁgure, there was no signiﬁ-
cant difference between the average performance of the pro-
jects in the Low and Medium categories for both Urban and
Rural roads. However, the average performance of the projects
in the High category seemed to be signiﬁcantly inferior to the
projects in the Low and Medium categories.
The effect of the functional classiﬁcation of the road net-
work can also be observed in Fig. 2. The pavement condition
of the projects on rural roads is signiﬁcantly superior to those
on urban roads. The average PCI of rural roads was found to
be 80.6 with a standard deviation of 12.9, while for the urban
roads; the average condition was 60.6 with a standard devia-
tion of 10.5, which is statistically signiﬁcant at a 95% conﬁ-
dence level.
5.3. Detailed distress analysis
At this level of analysis, the individual pavement sections
are analyzed to investigate the more frequently observed0    
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Figure 2 Construction quality control deduction.
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Figure 3 Frequency of odistresses. Fig. 3 shows the frequency of occurrence of indi-
vidual distresses in the pavement sections considered in this
research, regardless of the severity level. The ﬁgure shows
that the most widely observed distress is Raveling, which
was observed in 65% of the sections considered in the anal-
ysis. On the other hand, some distresses, such as Block
Cracking, Reﬂective Cracking, and Slippage Cracking were
not observed on any section.
The ﬁgure also shows that the load-related distresses were
not frequently observed, where Alligator Cracking was
observed in 4% of the sections, while Rutting was observed
in 8% of the sections. On closer examination of the sections
having load-related distresses, it was found that these sections
are subjected to high levels of truck trafﬁc, which might war-
rant an increase in the structure capacity of pavement sections
subjected to such service conditions. This observation indicates
that, in general, the standard pavement structure used by RTD
is structurally adequate for the average trafﬁc levels.
5.4. Effect of speed humps
Speed humps are widely used on the streets of Alexandria
Governorate for trafﬁc calming in residential areas. Typically,
speed humps are constructed by RTD according the Egyptian
Code of Practice speciﬁcation [3], with a width of 4.0-m and
height of 10-cm to 12-cm. However, during the last few years
there has been an increased use of speed humps that were
placed without obtaining proper permits. Most of these impro-
per speed humps did not meet the speciﬁcations in terms of
either width, height, or both. Moreover, these speed humps
are sometimes placed in a manner that cut the storm water
drainage paths, causing surface water ponding over the pave-
ment surface.
In this research, speed humps were observed on 25% of the
pavement sections considered in the study. As a result, enough
data were available to investigate the effect of the presence of
these humps on the pavement condition. As mentioned earlier,
the pavement sections were pre-selected prior to ﬁeld data col-
lection, thus; the presence of the speed humps within the sec-
tions was random.
The effect of the presence of speed humps was analyzed
using two approaches. The ﬁrst approach was by ignoringRe
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Table 4 Speed humps T-test analysis for all sections.
No humps Humps
Mean of PCI 73.19 49.41
Variance 400.06 399.09
Observations 54 18
Pooled variance 399.82
Hypothesized mean diﬀerence 0
df 70
t Stat 4.3691
P(T>=t) one-tail 2.12E05
t critical one-tail 1.6669
860 W. Bekheetthe projects and comparing the average condition of the 25%
of sections with speed humps to the average condition of the
75% of sections with no speed humps. It should be noted that
the speed humps were not considered as surface distresses, so
the mere presence should not reduce the PCI value of the
section.
Table 4 shows the t-test results for this comparison and the
results show that the PCI of the sections with speed humps is
signiﬁcantly less than the PCI of the sections with no speed
humps, with an average difference in condition of approxi-
mately 24 PCI points.
The other approach for examining the effect of speed
humps was to select only those projects that had sections with
speed humps and sections with no speed humps. In total, 12
projects had at least one section with a speed hump present
and at least one section with no speed hump present. The aver-
age condition of the sections with humps was compared to
those with no humps within the same project. This comparison
allowed for investigating the effect of speed humps on pave-
ment condition, in isolation of other factors such as trafﬁc,
structural capacity, age, construction quality, etc., since all
these factors are constant within each project. Fig. 4 shows
that Analysis Of Variance (ANOVA) results for this compari-
son. As can be noted from the results, F value is greater than
the F-Critical, indicating that that the presence of the speed
humps signiﬁcantly decreases the PCI value of the section,
and that the average reduction in PCI values on the section
level due to the presence of speed humps was approximately
19 PCI points.Anova: Single Factor
SUMMARY
Groups Count S
No Humps 12
Humps 12
ANOVA
Source of Variation SS
Between Groups 2184.6
Within Groups 5654.1
Total 7838.7
Figure 4 ANOVA results for6. Summary and conclusions
A research study was initiated to investigate the short-term
performance of ﬂexible pavements in the Alexandria Gover-
norate. The main objectives of this research were to evaluate
the short-term performance of typical ﬂexible pavements in
Alexandria Governorate, to identify the main deterioration
patterns of these pavements, and to investigate the possible
effect of improper speed humps on pavement condition.
The research study involved 72 pavement section from 24
projects on rural and urban roads distributed over all admin-
istrative districts of Alexandria Governorate. Data considered
in the analysis included visual distress survey after 4 years of
construction and quality control records from the time of con-
struction. The analysis of the pavement condition of these sec-
tions was carried-out both at the network level and at the
project level.
Based on the data collected and analysis carried out in this
research, some performance trends were observed and found
to be statistically signiﬁcant. These trends include the superior
short-term performance of rural roads when compared to
urban roads, superior short-term performance of new con-
struction projects when compared to rehabilitation projects,
and superior short-term performance of projects with good
or average construction QC records when compared to pro-
jects with poor construction QC records. This indicates that
the QC procedures recommended by the ECP are effective
and can identify possible poor pavement performance.
The most frequently observed distress on the pavement sec-
tions considered in the research study was Raveling, which is a
functional distress, while the load-related distresses such as
alligator cracking and rutting were observed in less than
10% of the sections studies. As a result, it could be deduced
that the standard pavement structure used by RTD is structur-
ally adequate for the average trafﬁc levels. However, it is rec-
ommended that further research be conducted in investigate
the possible causes for Raveling on the roads of Alexandria
Governorate.
The effect of improper speed humps was investigated both
by comparing projects with speed humps to projects with no
speed humps and when comparing sections with speed humps
to sections with no speed humps within the same projects. The
analysis showed that the presence of these improper speedum Average Variance
835.9 69.7 177.7
606.9 50.6 336.3
df MS F P-value F crit
1 2184.6 8.5002 0.0080 4.3009
22 257.0
23
projects with speed humps.
Short term performance and effect of speed humps 861humps could reduce the average PCI of the sections by up to
19 PCI points.
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